The work described addresses the criticism that microbial challenge tests used in the cosmetics industry are unreliable as predictors of a product's ability to resist microbial contamination from consumer use. The criticism is based on the contention that challenge test data are not validated by consumer use data (17) . The Food and Drug Administration expressed its concern about in-use preservative adequacy of cosmetics in a Federal Register notice in 1977 . This notice stated that regulatory action would be taken "to remove from the market any cosmetic that poses an unreasonable risk of injury because of inadequate preservation to withstand contamination under customary conditions of use" (18) . Industry has been responsive to this concern. As early as 1970, cosmetic trade associations and individual companies recommended that consideration be given to continued effectiveness of a cosmetic's preservative system under intended consumer use conditions (11, 20, 31) . More recently, consumer test programs to assess in-use preservative adequacy have been described (21) .
Preservative adequacy of cosmetics is typically evaluated by using microbial challenge tests (12. 13) . There are.
however, few documented reports showing that microbial challenge tests are predictive of consumer contamination potential. One study showed that, of three mascara formulas susceptible to the challenge test organisms, only one was actually contaminated due to consumer use (1) . In a study on eye shadows, the microbial content of several consumerused products was determined. Challenge testing of two of the products was conducted, but no attempt to correlate in-use contamination incidence with the challenge test results was made (16) . In a study on shampoos, poor correlation was found between MIC results and a simulated "in use" test (15) . Other studies have reported either contamination incidence of used cosmetic products (2, 3, 33) or preservative challenge test results (7, 26) , but no attempts to correlate the data were made. To our knowledge this is the first published report to show that a microbial challenge test * Corresponding author. predicts consumer contamination potential for shampoo and skin lotion cosmetic products.
MATERIALS AND METHODS
Products evaluated. Two product types (shampoos and skin lotions) at three preservative conditions were evaluated. Product containers were chosen to permit direct consumer contact with the product so protection due to package design would not be a significant factor.
The first shampoo was composed of the base product preserved with methylisothiazolinone and methylchloroisothiazolinone (Kathon) at 0.02 to 0.04%. For the second shampoo, methyl and propyl parabens at 0.28 to 0.32% were added to the base product instead of Kathon. Finally, the shampoo base was used without any preservative. The shampoo base was composed of water, ammonium lauryl sulfate, sodium lauryl sulfate, cocamide diethanolamide, polyquaterium 10, sodium phosphate, fragrance, SD alcohol 40, sodium chloride, disodium phosphate, EDTA, and color. Product was packaged in 16-oz (ca. 473-ml) bottles with screw-cap tops 24 mm in diameter.
Three skin lotions were prepared with different preservative systems. The first was preserved with imidazolindyl urea (0.08 to 0.12%) and methyl and propyl parabens (0.28 to 0.32%). The second lotion contained only the parabens, and the third lotion was prepared without preservative. The 1 g of product was diluted in 9 ml of sterile double-reverse-osmosis water, and then 0.5 ml of the diluted product was pour plated into 10 ml of the appropriate agar medium. The pour plates were incubated at 32 to 35°C for 3 days followed by 21 to 29°C for 2 days prior to counting.
In-use test. Approximately 30 subjects were randomly assigned to each product and asked to use the products as they normally would. All products provided to the subjects were free of detectable microorganisms (<20 CFU/g). Unexposed control products incubated during the test period remained below this limit throughout the test. Skin lotion products were returned after 2 weeks of consumer use. The shampoos were returned after 3 weeks of use.
Microbial-content testing was conducted on each returned product unit immediately upon receipt and again 4 to 7 days postreceipt. Standard techniques for microbial-content testing of cosmetic products were used (14) . Ten grams of product was diluted in 90 ml of sterile double-reverseosmosis water and thoroughly mixed, and 0.5 ml of the diluted product was pour plated with 10 ml of Trypticase soy agar plus 1.5% Tween 80. Plates were incubated at 32 to 35°C for 3 days followed by 21 to 29°C for 2 days.
A product was considered contaminated if >100 CFU/g was observed or if gram-negative bacteria at any level were detected at initial receipt and 4 to 7 days postreceipt.
Bacteria were identified by using API systems (20E, NFT, Staph-trac; Analytab Products), Enterotube (Hoffmann-La Roche Inc.), or Oxi-ferm (Hoffmann-La Roche) rapid identification systems. Yeasts and molds were identified by morphological characteristics (6) .
Statistical analysis. Chi-square and analysis of variance testing was performed on the data (34).
RESULTS
Microbial challenge testing. The bacterial challenge test results are shown in Tables 1 and 2 . A product showing reduction and elimination of the inoculum over the 28-day challenge period at all four product concentrations was designated a pass at 30% (pass 30%) and was considered well preserved. A product showing reduction and elimination of the inoculum at only the 100% concentration (i.e., full strength or neat product) was considered marginally preserved (pass 100%). A product was considered poorly preserved if no reduction of the inoculum occurred (fail).
Bacterial challenge testing of the shampoo formulas (Table  1) showed that the isothiazolinone-preserved formula rapidly reduced and essentially eliminated the inoculum at all four product concentrations. The paraben-preserved shampoo showed reduction and elimination at only the 100% product concentration, while the upreserved base shampoo failed the test. Similarly, bacterial challenge testing of the skin lotion formulas (Table 2) showed that the imidazolidinyl urea/ paraben-preserved formula reduced and eliminated the inoculum at all four product concentrations. The parabenpreserved lotion showed reduction and elimination at only the 100% product concentration; the unpreserved base lotion failed the test. TNTC" TNTC TNTC TNTC TNTC TNTC Fail at all product concn   70  TNTC  TNTC TNTC TNTC TNTC  NAB  50  TNTC  TNTC TNTC TNTC TNTC  NA  30  TNTC  TNTC TNTC TNTC TNTC  NA   Paraben preserved  100  TNTC  180  <20'  <20  <20  <20  Pass at 100% product concn  70  TNTC  TNTC TNTC TNTC TNTC  NA   50   TNTC  TNTC TNTC TNTC TNTC  NA   30  TNTC  TNTC TNTC TNTC In-use testing. In-use microbiological-contamination incidence for the shampoo and skin lotion formulas are shown in Table 4 . Usage data are also shown.
Total shampoo uses as well as the amount of product used for each of the three shampoos were statistically equivalent. Contamination incidence (46%) was statistically higher for the poorly preserved base shampoo. A low level of contamination (21%) was seen in the marginally preserved (paraben) shampoo. The well-preserved shampoo showed no contaminatlon.
Total skin lotion uses were not statistically different; however, total amount used was significantly higher for the well-preserved lotion. Despite this increased usage, neither the well-preserved nor the marginally preserved skin lotion products were contaminated upon return. The poorly preserved lotion showed a significantly higher (90%) contamination incidence.
The organisms isolated from the contaminated shampoo and skin lotion units are shown in Table 6 correlates the challenge test results with the in-use test results for both shampoo and skin lotion. The base shampoo and skin lotion formulas that were classified as poorly preserved by the challenge test returned with a high incidence of contamination. The paraben-preserved shampoo, classified as marginally preserved by the challenge test, returned with a low incidence of contamination. The paraben-preserved skin lotion, also classified as marginally preserved by the test, returned uncontaminated. Both the isothiazolinone-preserved shampoo and the imidazolidinyl urea/paraben-preserved skin lotion, classified as well preserved by the challenge test, were returned uncontaminated after consumer use. (19, 28) . Staphylococcus spp., Bacillus spp., molds, yeasts, and gram-negative bacilli have been isolated from human skin either as indigenous or as transient organisms (24) . Therefore, the microbial contaminants found in the used shampoos and skin lotions were reflective of the environments to which they were exposed.
Microbial challenge testing of cosmetics typically includes organisms resistant to preservatives (13) . Resistant organisms are common and well known in the trade (10, 27, 29, 30) . Preservation against three types of organisms typically results in products well preserved against ordinary and customary use by the consumer. Consequently, preservative challenge testing, particularly when the test uses preservative-resistant microorganisms like those in the test described here, is a valid but perhaps strict means of assessing consumer contamination risk.
The challenge test described here was capable of accurately but conservatively predicting which of the cosmetic formulas tested (e.g., shampoos or skin lotions) were susceptible to consumer contamination. This test assessed preservative adequacy independent of container design and its potential for protecting consumer products. If container design provides adequate protection, even poorly preserved products could withstand consumer use. Additional studies are needed to assess these effects.
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